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SYNOPSIS Oil and Natural Gas Commission of India plans to construct a multi-storeyed building in Dehradun city 
at the foothills of Himalayas. The geotechnical investigations were carried out at site to determine soil parameters 
for foundation design. It was found that it was not possible to provide a raft foundation for the building and 
hence alternatively the pile foundation was suggested. The pile load capacity was predicted on the basis of soil 
parameters determined and a comparison was then made with the results obtained by carrying out load tests on cons-
tructed piles. 
INTRODUCTION 
Oil and Natural Gas Commission of India proposes 
to construct a multi-storeyed building in Tel Bhawan 
area at Dehradun city in the state of Uttar Pradesh 
in India. The site lies at the foothills of 
Himalayas and is skirted on one side by a deep 
nalla which gets flooded during rainy season. The 
site consists of a sloping ground having a drop of 
about 10 m from present road level and a few terraces 
have been formed, (Figure 1) • 
Fig.l A View of the Site 
Field investigation programme was undertaken and 
on the collected soil samples, laboratory tests were 
performed. Based on the data obtained from both 
the field and the laboratory tests, the nature of 
underground soil strata has been established, the 
geotechnical parameters for the design of foundations 
have been ascertained and the type of foundation 
has been recommended. The pile load carrying 
capacities were predicted and then compared with 
those obtained through actual load tests on construc-
ted piles. A sectional elevation of the super-
structure of the building is shown in Figure 2. 
The proposed plan of the building is shown in 
Figure 3. Also marked on the plan are the locations 
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Fig.2 Sectional Elevation of the Building 
of various field tests performed. The two main 
multi-storeyed towers (X) and (Y) are located on a 
sloping ground. Starting from nalla side two 4 m 
wide open excavations were made into the rising ground 
to prepare a level surface at about 664.0 m elevation 
for performing the tests. One excavation each as 
shown in Figure 3 was made along the centreline of 
tower (X) and (Y) • Unless otherwise mentioned, the 
depths are with respect to ground surface R.L. of 
664.0 m. 
GEOLOGY 
Doon Valley forms a part of the foothills of the 
Lesser Himalayas. The northern boundary of Doon 
Valley is marked by a fault/fault zone called Main 
Boundary Fault. This fault is a thrust and defines 
the contact between Tertiary and Pre-Tertiary group 
of rocks. The breakdown products of the rising central 
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Cone tnt (C) 
Ptote lood test (P) 
Fig.3 Plan of the Building with Locations of Test Points 
Himalayas have been deposited in the form of the 
Siwalik Formations in flood plains in the south and 
these were folded during the Lower Pleistocene time and 
at least locally, are still in the process of being 
folded, (Rupke, 1974). Doon Valley is one of the 
structural synclinal valleys in the folded fringe of 
the Siwalik Formations south of the Main Boundary 
Fault which runs from Kashmir to Assam. Geological 
setting of the Doon Valley is shown in Figures 4 and 
5. Geomorphological studies of the valley indicate 
that folding and faulting are still continuing in the 
area. Parts of the central syncline are in the 
process of being filled up because of the subsidence 
while other parts are probably gradually rising, and 
are in the process of uplift along very recent fault 
lines. Broken and displaced terraces indicate that 
the Main Boundary Fault is equally active at present 
(Meijerink, 1974) • That makes the area fairly active 
seismically. 
The general stratigraphy of the area is given in 
Table 1. The formation which is of interest is the 
Doon Gravel which fills up the valley, (Figure 5). 
The Doon Gravels are divided into two broad 
classes - Old Doon Gravels and Young Doon Gravels. 
The Young noon Gravels have been deposited by braided 
streams and consist mainly of pebbles and cobbles in 
the northern parts of the valley and are comprised 
of alternations of conglomerates and silty clays 
in the middle part of the valley where the area 
under investigations is situated. The Young Doon 
Gravels also have been uplifted since their deposition 
and have been dissected fairly deeply by stream action. 
1168 
Fig.4 General Setting of noon Valley 
f]']iJ Young Doon grovel llRI Upper siwaliks 
liEil Old Doon gravel VlZZI Middle & lower siwaliks 
Main boundary fo.uli I2'Z1J 
Fig.5 Geological Cross-Section along Line A-B of 
Figure 4 (After Meijerink, 1974) 
TABLE 1. Stratigraphy of the Area 
Age Formation Rocks 
Quaternary Doon 
Gravel 
Gravels,pebbles, clays,mixtures of 
sandy, gravelly clays(Fan deposits, 

















Friable sandstones,clay stones 
Hard sandstones and clays 
Siltstone, shale, sandstone 
Quartzite, shale 
Limestones, few shale members 
Shale, sandstones 
Blainis Shale, siltstones conglomerates 
Nagthat Quartzites and shale 
Chandpur Shales and quartzites 
Pre- Shales, quartzite and limestones 
Chand pur 
FIELD AND LABORATORY TESTS 
In order to ascertain the in-situ subsoil profile and 
to determine relevant geotechnical parameters for 
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the design of foundations, both fie1d and laboratory 
testing was undertaken. The field programme consisted 
of boring, standard penetration tests, dynamic cone 
penetration tests , plate load tests, field density 
determination and sampling of representative and 
undisturbed soil samples. The locations of test 
points at the site are shown in Figure 3. Both 
representative and undisturbed soi1 samp1es were 
brought from the field to the 1aboratory and tests 
like Atterberg limits, sieve ana1ysis, moisture 
content, specific gravity, triaxial, unconfined 
compression strength and consolidation etc. were con-
ducted on these samples. Boring was carried out with 
the help of an Acker drill at 4 locations marked B-1 
to B-4 on Figure 3 . In each borehole representative 
samples were collected at 1.5 m depth intervals 
in addition to sampling at depths where stratum 
exhibited a change in its character . The undisturbed 
samples were also collected in tubes from appropriate 
depths in the boreholes. Figure 6 shows the Acker 
.drill in operation at the site . The maximum depth 
upto which borehole was drilled was 17 m. 
Fig.6 Acker Drill in Operati on a t Site 
Dynamic cone penetration tests were performed at 
eight different locations marked C- 1 to C- 8 on Figure 
3. The diameter of the cone used was 50 mm. These 
t e sts were conducted upto a maximum depth of 7.5 m 
below natural/excavated ground surface . The main 
aim of conducting dynamic cone penetration tests 
was to assess the variation in the nature of soil 
s trata at different locations . The results of these 
tests i ndicate variation of dynamic cone resistance 
with depth and generally the cone resistance shows 
a marked increase below 3 . 0 m depth. There is some 
variation in cone resistance values at the same 
depth at different locations. This can be attri-
buted to variation in subsoil strata and particularly 
to the presence of randomly scattered gravel and 
boulders in the soil matrix. Standard penetration 
tests were conducted along with the boring 
operati on at 1.5 m intervals . The field density 
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of soil was measured at different locations. In 
addition, two plate load tests were conducted at 
two locations marked P-1 and P-2. Natural water 
table was not encountered in the boreholes drilled. 
However, from the deep borelogs of adjoining areas, 
it can be assumed that the normal water level in dry 
season is at a great depth. However, during the rainy 
monsoon season, the water in the nalla is expected 
to saturate the soil upto water flow level. Consolida-
tion tests were conducted in the labroatory and 
yielded a compression index value of Cc = 0.13. The 
soil classification tests were conducted on soil samples 
and natural moisture contents were determined. 
Unconfined compression tests and unconsolidated un-
drained triaxial tests were conducted on clay samples 
and its results are listed in Table 2. 
SOIL PROFILE AND STRENGTH PARAMETERS 
The details of borelogs indicate that the soil deposit 
mainly consist of an upper layer of clays of low to 
intermediate compressibility. The depth of clay layer 
varies between 8-15 m. This clay layer also contains 
scattered boulders in random manner though in small 
quantity . Thin seams o£ gravel layers are also observed 
in this stratum. The stratum below the clay layer is of 
coarse grained type consisting mainly of partially 
cemented gravel with sand but sometimes having traces 
of silt also. The details of one of the borelogs is 
shown in Figure 7 . 
Soil 
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The shear strength of the clay deposit has been 
determined with the help of undrained triaxial tests 
and unconfined compression tests. The values of cohesion, 
c, has also been back calculated from the results of 
plate load tests. The value of c can also be appro-
ximately obtained from the empirical correlation 
between standard Penetration Test value, N, and the 
consistency of clays. The different strength parameters 
thus determined by applying the above methods are listed 
in Table :tl. Values in Table :ti show that the unconfined 
compression test results give very low values of c. 
However, after a critical review of the different 
values listed in Table II, value of c = a tjsq.m. is 
considered reasonable and is used for design purposes. 
TABLE II. Strength Parameters of Clay Layer 
Test c ¢ 
(kgjsq.cm) (degrees) 
Triaxial 2 0 
(undrained) l.a 0 
Unconfined o.a 0 
compression 0.45 0 
0.51 0 
Plate load o.a 0 
(assuming ¢=0 1.0 0 
and Nc=6l 
Standard pene- 1.0 0 
tration(taking 
average N value) 
RAFT FOUNDATION 
The structural consultants indicated that the pressure 
at the base of the building is expected to be about 
10 t/sq.m. and that the raft foundation can be laid 
at an elevation of 662.0 m. So we consider a raft of 
la.o m width at 662.0 m R.L. The bearing capacity 
of the soil can be found out from the plate load test 
data which show that the smaller value of ultimate 
bearing capacity of the test plate from the two tests 
is 4a t/sq.m. The soil being clay, it can be assumed 
that the ultimate bearing capacity for the foundation 
will be the same as that of the test plate and 
therefore, applying a factor of safety of 3, safe 
bearing capacity becomes 16 t/sq.m. This value being 
larger than the expected pressure of 10.0 t/sq.m., 
the provision of raft is safe from shear failure 
consideration. We may then examine it from settlement 
consideration. Assuming the base of the raft to be 
at R.L. 662.0 m and considering even the minimum 
thickness of the compressible clay stratum, H = 6 m, 
a settlement analysis is carried out by dividing 
this into three equal layers of 2.0 m each. The 
settlement of each layer and the cumulative settlement 
is listed in Table III. 
TABLE III. Settlement Computations for Raft 
Layer No p p Settlement 
(Each 0 
layer 2 (t/sq.m) (t/sq.m) <mml 
m thcick) 
1 6.0 7.35 55.4 
2 10.0 6.12 33.0 
3 14.0 5.la 21.a 
Total settlement 
- 110.2 111!11 
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As per IS:l904-1978, the permissible differential 
settlement was calculated as 12 mm. Considering the 
sub-soil conditions and the details and importance 
of the super-structure, the total settlement may be 
taken as equal to twice the differential settlement. 
Hence, the computed total settlement (110 mm) even for 
the smallest thickness of clay deposit is larger than 
the permissible total settlement of 24 nun and therefore, 
provision of a raft foundation is not permissible from 
settlement consideration. 
PILE FOUNDATIONS 
The site conditions suggest that bored cast in situ 
piles would be the appropriate choice. The details of 
the pile considered for design are shown in Figure a. 
PartiallY. c~tmented 
gravel w1th sand and 
· tr~s of silt 
-.fdt-
Fig.S Details of Pile Considered for Design 
The ultimate capacity of the pile was estimated using 
the static pile load formula given by the equation: 
where skin friction resistance, Qs= ( 7\ d L1)..c. c 
+~d L2lPvKstan b 
•• (2) 
Point bearing resistance, 
Qb = (Ib Nq + 0.3 'id N_, )~ •• (3) 
In the above equations, d = diameter of the pile, 
L1 = length of the pile in the clay layer, L2 = length 
of pile in gravelly sand layer, o<. = adhesion factor== 
0.45 (Tomlinson, 1975), Ab =area of pile at base, 
c = cohesion in clay layer = a tjsq.m, Pv = effective 
vertical stress at mid height of pile in §avelly sand 
layer, Ks = earth pressure coefficient (assumed as 
0.5, equal to earth pressure at rest), S = angle of 
wall friction, Pb = effective vertical stress at the 
base of the pile, 'i = unit weight of soil, Nqr NJ' = 
bearing capacity factors for deep foundations,(Tomlinson, 
1975) • 
In calculating the bearing capacity of the piles using 
the above equations, the following assumptions are made: 
(i) The angle of internal friction for dense gravelly 
sand layer can vary from 36-4a degrees (Lambe and 
Whitman, 1969). However, the boring operations in this 
layer shall loosen the stratum and for load capacity 
computations, values corresponding to loose condition 
are usually adopted (Tomlinson, 1975). Therefore, a 
value of ¢ = 30 degrees is adopted for design. For ¢ = 
30 degrees, the value of bearing capacity factors are 
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taken as, Nq • 60 and N )I = 100 (Tomlinson, 1975) • 
(ii) Angle of wall friction, f, , is taken as three 
fourth of fll value. Therefore, & = 22.5 degrees. 
(iii) The vertical stress effective at the base of 
the pile may not be equal to the overburden stress 
(Terzaghi and Peck, 1967). In view of this, a reduced 
value of vertical stress equal to that of a height of 
10 times the diameter of the pile is taken in cases 
where pile length is either equal to or is greater 
than 15 d. 
(iv) The gravelly sand layer beneath the clay layer 
is assumed to continue for a considerable depth. 
In the light of the above, equation(!) is rewritten 
as follows: 
L2 
Qu = (~ dLl)-' c+ rnd L2) (')' L1 +~ 2) Ks tan b 
+l'\~2 (lOd }' Nq+O.J )"d N)l) •• (4) 
Substituting appropriate values, the ultimate capacity 
of a 66 em diameter and 12 m long pile was estimated 
to be 375 tonnes. Using a factor of safety of 2.5, 
a safe capacity of 150 tonnes was recommended. The 
predicted load carrying capacities for other piles 
are shown in Table IV. 























































Since it is the usual practice to verify the computed 
capacities by means of load tests, three pile load 
tests were conducted at the site. All the tests 
were conducted on 66 mm dia piles. One of the tests 
was an 'initial test'. This test was conducted 
applying cyclic loads.The remaining two were 'routine 
tests'. The loads were applied by jacking the piles 
against a platform loaded with bags filled with the 
excavated soil. The loaded platform for the pile load 
test set up is shown in Figure 9. The results of the 
load tests are shown in Figure 10. 
The results of the load tests show that the safe load 
would be higher than the estimated safe load. IS:2911 
(Part IV)-1979 recommends that the safe load may be 
computed from the results of load tests as the lesser 
of the following: 
(i) Two thirds of load at which the total settlement 
attains a value of 12 mm. 
(ii)Fifty percent of the load at which the total 
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Pile dia = 66 em 
Length = 16.4m 
(a) Initial test 
Load , Tonnes 
100 200 
(b) Routine tests 
Fig.lO Results of Pile Load Tests 
300 
300 
settlement is equal to 10\ of the pile diameter. 
The load tests were performed by piling company and 
because of limitation of reaction loading at site, the 
tests could be performed only upto a stage where the 
observed settlement values were smaller than 12 mm. 
However, the results do indicate that the safe load is 
in excess of 200 tonnes. In view of the higher pile 
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load capacity observed in the load tests, the assumptions 
made earlier while estimating the pile load capacity are 
examined. This exercise reveals that the assumption 
that the soil disturbance during boring may reduce the 
value of ¢ to 300 is perhaps too conservative. Assuming 
a value of ¢ • 36° for the gravelly layer the least value 
suggested for such material by Lambe and Whitman, (1969), 
the bearing capacity is recalculated. The safe load now 
works out to be 387 tonnes. It is to be noted that the 
pile capacity is very sensitive to even small changes 
in the value of ¢. Unfortunately, the pile load test 
could not be conducted upto failure because of the 
limited capacity of the reaction platform. If that were 
possible, it would have helped in assessing the value 
of ¢ actually mobilised. However, the results of pile 
load tests certainly indicate that the assumption of 
value of ¢ • 300 was conservative and the expected reduc-
tion in ¢ value due to soil disturbance in bored piles 
at this site did not materialize to the anticipated 
extent. 
CONCLUSIONS 
1. The site under investigation falls in the Doon 
Valley and geologically lie in the Young Doon Gravels 
area. The Young Doon Gravels are deposited by braided 
streams and consist of alternations and mixture of both 
fine and coarse grained soils and occasionally include 
boulders also. The northern boundary of the Doon Valley 
is marked by Main Boundary Fault, which makes the area 
fairly active seismically. The proposed site is skirted 
by a nalla which gets flooded during monsoons, The site 
has seemingly been dissected by water action and has a 
level drop of about 10 meters with a few terraces. 
2. The subsoil consists mainly of clay of low to 
intermediate compressibility (CL-ci) from R.L. 664,0 m 
to a depth varying between 8-lS m. The above stratum is 
underlain by coarse grained material consisting of 
partially cemented gravel with sand,sometimes having 
traces of silt •. Study of deep borelogs of nearby area 
in Dehradun suggest that there is a good probability of 
the continuation of this stratum upto a large depth. 
Scattered boulders and kankar are expected to be present 
in the subsoils, particularly in gravelly stratum, 
3. Based on the values of shear strength parameters 
worked out from the field and laboratory tests, the 
allowable bearing pressure has been worked out.Settle-
ment analysis has been done using the results of con-
solidation tests. A settlement analysis carried out for 
a raft foundation of 18 in x 19 m carrying a load of 10 
t/sq,m gives a settlement of about llO mm. This is more 
than the permissible total settlement computed from IS: 
1904-1978 for a raft foUndation of a RCC framed struc-
ture, using differential settlement criterion. Keeping 
this in view, the provision of a raft is not considered 
suitable. 
4. Considering the type of super-structure and the sub-
soil characteristics, it is recommended that bored cast 
in situ piles resting in gravelly sand stratum may be 
adopted. The computed load carrying capacities of 
different piles indicate that the increase in length 
does not increase the pile capacity significantly, 
However, a minimum length of pile may be kept as 15 
times its diameter and it also must penetrate for a mini-
mum of l m depth into the partially cemented gravsl-sand 
layer. · 
5. The load carrying capacities of three piles tested 
in the field were found to be higher than that of their 
computed values, suggesting that the anticipated reduc-
tion in ¢ value because of soil disturbance due to 
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bored pile constEuction did not occur to the extent it 
was expected, 
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